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In the preceding report a method has been described for the purifi- 
cation of the permeability factor from exudates (1).  The substance, 
as  observations  to  be  presented  indicate,  is  concerned  not  merely 
with the alteration in the permeability of small vessels, but appar- 
ently as well with the mechanism of leukocytic migration.  No at- 
tempt will be made at this stage to theorize concerning the precise 
mechanism involved.  This will be dealt with in a  future communi- 
cation when additional data will be available.  The active crystalline 
substance  recovered from exudates seems  to  have  the  property  of 
initiating the basic sequences of the inflammatory reaction, namely 
the  increased  capillary permeability  subsequently followed by  the 
migration of polymorphonuclear leukocytes. 
The attraction of leukocytes to a site of injury is an old concept dating back 
to the work of Leber in 1879 (3).  This investigator found a chemotactic substance 
in the bodies of dead cultures of staphylococci.  This substance, which he called 
phlogosin was found capable of attracting leukocytes in tissues.  The early work 
of Massart and Border indicated the chemotactic  influence  exerted by the products 
of leukocytic disintegration (4).  Gabritchevsky (5)  studied a  number of sub- 
stances, such as lactic acid, which actually have a repellent action on white cells 
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(the so called negative chemotaxls).  Dead or living cultures of bacteria, on the 
other  hand,  were  found  to possess strong  positive chemotaxis.  Buchner  (6) 
reported the finding of a protein from the Friedl~nder organism, capable of exert- 
ing  a  strong  chemotactic influence.  He found  that  glycine and  leucine  were 
definitely  chemotactic  whereas  tyrosine  and  trimethylamine  failed  to  attract 
leukocytes.  Wolf studied the phenomena of chemotaxis in vitro (7).  She found 
that the calcium ion was the only inorganic ion which per se was positively chemo- 
tactic.  She reported that,  to a  certain extent, all amino acids  and amines are 
likewise positively chemotactic. 
The  present  observations  describe  the  chemotactic  effect  of  the 
crystalline nitrogenous  substance  recovered  from  inflammatory exu- 
dates,  and  which  is  evidently  not  the  irritant  itself  (9). I  The  at- 
traction for leukocytes is exhibited by the untreated cell-free exudate 
as well,  indicating  thus  that  the  effect elicited  by the  purified  sub- 
stance  is not likely to be due  to  some by-product formed during the 
process  of  chemical  extraction.  The  observations  suggest  that  the 
active  crystalline  substance  may  well  be  a  chemotactic  substance 
liberated by injured tissue such, for instance,  as was originally postu- 
lated to exist by Massart and Bordet in 1891.  This does not preclude 
the  fact that  certain  irritants  may not  themselves contain  this  sub- 
stance.  Their  injection  would  doubtless  hasten  the  process  of  cell 
migration. 
EXPERIMENTAL 
The method of obtaining exudates by the intrapleural injection of turpentine 
has previously been described  (9).  The purification of the permeability factor 
from exudates has also been reported in a  separate communication (1).  0.2 to 
0.5 cc. of untreated cell-free exudate, or small amounts of the active material in 
distilled  water,  saline,  blood serum, or  the  crystalline material extracted from 
normal blood serum were introduced into the skin of the same animal.  20 min- 
utes  to  1 hour later the involved areas,  as  well as normal skin,  were excised, 
fixed in 10 per cent formalin, and sectioned. 2 
1 The chemical extraction of turpentine,  the irritant  utilized in most of the 
experiments, by the method employed for the analysis of exudates (1) failed to 
yield the active crystalline substance.  Furthermore, as previously pointed out 
(9), the permeability factor is present in exudates resulting from a burn, indicat- 
ing that the introduction of a  chemical irritant is unnecessary. 
2 In the majority of the experiments, prior to excision of the skin areas, dilute 
trypan blue solution was injected intravenously to determine the effect  of the 
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Careful  microscopic  examination  of  control  Cutaneous  areas  es- 
sentially failed to show: any evidence of leukocytic migration through 
the endothelial wall of capillaries or venules.  Only occasionally an 
isolated cell was observed adhering closely to the wall of the vascular 
lumen  (Fig.  1).  A  totally different state  of affairs presented itself 
when the active crystalline material in either distilled water or saline 
was intracutaneously injected.  Within 20 minutes or  even at times 
earlier,  there  was  a  conspicuous  aggregation of  polymorphonuclear 
cells filling the lumens of the involved  cutaneous  capillaries.  The 
ceils collected peripherally,  adhering closely to  the endothelial wall. 
Within 40 minutes to 1 hour the perivascular areas displayed a  mod- 
erate  to  considerable  infiltration  of  polymorphonuclear leukocytes 
(Figs.  2,  3,  and 4). 
Microscopic examination revealed marked edema as indicated by 
the separation of collagenous bundles.  The capillaries were dilated 
and  in  many  instances  definitely  engorged.  At  times,  a  delicate 
fibrinous  reticulum partly  occluded some of the lymphatic vessels, 
although  as  a  rule  these structures were merely dilated  and  unoc- 
cluded.  Diapedesis of red cells was occasionally observed, but this 
was not an invariable feature of the reaction.  From some preliminary 
quantitative  tests it  seems as if the threshold concentration of the 
active substance necessary for the occurrence of cellular migration is 
several times that  required for the detection of increased capillary 
permeability (1).  This probably indicates that the alteration in the 
endothelial membrane is  the initial  reaction.  When,  however, the 
critical  concentration of the  active  crystalline substance is  reached 
(about  1:10,000  to  1:25,000),  this is followed by cellular  migration. 
The  obvious  question  arises  as  to  whether  cellular migration  is 
induced directly by the presence of the material or whether it  repre- 
sents a secondary effect following the initial increase in capillary per- 
meability, which in turn has been shown to be primarily referable to 
the crystalline substance (1).  Although this question cannot be fully 
answered as yet, there is strong evidence to suggest that the active 
treated cutaneous areas evidently failed to influence  cell migration in the interval 
studied, as indicated by controlled observations with various irritants  such as 
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material per se is capable of calling forth polymorphonudear leuko- 
cytes.  Turpentine injected into  the skin induces an almost imme- 
diate augmentation in the permeability of the small vessels.  Trypan 
blue accumulates readily from the circulating blood several minutes 
after  the  cutaneous  injection  of  this  irritant.  The  involved  skin 
areas become deeply stained with the dye.  About 40 minutes after 
the  cutaneous  injection  of  turpentine,  microscopic  section  of  the 
treated areas reveals marked dilatation and congestion of the small 
vessels with swelling of the endothelial cells.  There is, however, no 
evidence of any aggregation and migratory activity on  the  part  of 
polymorphonuclear cells  (Fig.  5).  This indicates that perhaps  tur- 
pentine acts directly on the endothelial wall and thus by sufficient 
injury of the membrane favors profuse seepage of plasma into  the 
perivascular  tissue.  It  is  conceivable,  however,  that  the  critical 
concentration of the active material is not attained 40 minutes or so 
subsequent to the injection of turpentine.  At any rate, this observa- 
tion  indicates  that  a  prompt  and  extensive  increase  in  capillary 
permeability produced by a  powerful irritant is not necessarily fol- 
lowed by the same rapid cell migration as is observed in areas treated 
with  the  crystalline  substance.  Results  similar  to  those  obtained 
with turpentine were noted with the use of aleuronat as an irritant. 
It is difficult in view of these findings to assume that cell migration 
is primarily related to the alteration in the permeability of the endo- 
thelial membrane.  It  seems more reasonable, at least on the basis 
of the present observed facts, to  refer the  migration  of  leukocytes 
directly rather than indirectly to the presence of the active crystalline 
substance.  The rapidity of cellular migration induced by the injec- 
tion of the permeability factor tends to favor such an interpretation. 
The possibility, however, of an accelerated reaction initiated by the 
factor which in turn favors the prompt secondary release of a chemo- 
tactic substance cannot as yet be fully ruled out. 
There is further evidence which indicates that this material per se 
exerts a  definite chemotactic influence on leukocytes.  This is exem- 
plified by the following observations obtained by a technique that had 
frequently been employed in  the earlier studies on  chemotaxis  (4). 
The substance either in saline or in distilled water was introduced into glass 
capillary  tubes.  Each of the latter was then sealed at one end and introduced, 
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several hours earlier, been intraperitoneally injected with a mixture of aleuronat 
and starch.  After a lapse of several hours, it was sacrificed and the capillary tubes 
examined for the presence of lenkocytes.  The tubes were usually found to be 
swarming  with leukocytes.  These  cells had migrated a  considerable  distance 
inward.  In the capillary sample containing either saline, distilled water, or the 
extracted inactive crystalline  material from normal blood  serum  attraction of 
leukocytes (as measured by the extent of migration),  athough present,  was as  a 
rule  distinctly less marked than in the tubes containing the active crystalline 
substance. 
Lactic acid in a capillary glass tube failed to attract any leukocytes, thus con- 
firming the negative chemotactic tendency of this substance  described by earlier 
writers. 
The  observations  indicate  that the  substance  per  se  is positively 
chemotactic for leukocytes? 
DISCUSSION 
The evidences brought forward in the preceding and present com- 
munications of this  series  indicate  the presence of both a permeability 
and a chemotactic factor.  Are these two factors  referable  to one and 
the same substance?  Two main considerations seem to support such 
a  view. 
1.  The  untreated  inflammatory  exudate  contains  both  factors. 
Prolonged  chemical  fractionation  yields  a  relatively  homogeneous 
crystalline end-product which still manifests both  of the properties 
possessed  by  the  original  exudate.  The  analytical  procedure  has 
thus  failed  to  dissociate  the  two  factors.  Although  this  type  of 
evidence is strongly suggestive of a  single  substance,  it is,  however, 
to  be  borne  in  mind  that  only the  certitude  of  complete  chemical 
purity of the material can establish this as a definite fact. 
2.  is leukocytic migration referable to the initial increased capillary 
permeability or do the evidences on hand point to a  direct effect by 
the active crystalline substance?  The latter interpretation seems to 
be favored, in view of the observations cited above with the  use of 
strong inflammatory irritants, such as turpentine or aleuronat.  These 
substances are capable of inducing prompt filtration through the en- 
3 Another type of evidence supporting the view that  the substance  in  ques- 
tion is per se  positively chemotactic-for leukocytes was  obtained  by observing 
on a slide, within a relatively short time, the  collection  and  clustering  of su- 
pravitally stained polymorphonuclear  leukocytes from an  exudate around par- 
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dothelial wall without at the same time inducing as rapid leukocytic 
migration as is obtained with the active material recovered from exu- 
dates.  The chemotactic property of the active crystalline substance 
is also in accord with the view of a direct effect favoring the outward 
migration of polymorphonuclear cells. 
That the threshold concentrations of the active substance for the 
detection of increased capillary permeability and of leukocytic migra- 
tion are not at the same level does not necessarily contravert the con- 
tention of a  single  substance.  Two  distinct manifestations elicited 
by  a  single  substance  may very well  occur  at  different threshold 
concentrations. 
In brief, the same two factors possessed by the untreated exudates 
have likewise been recovered in a  crystalline substance isolated from 
the same exudates.  This active substance appears to belong to the 
group  of  simple  polypeptides.  4  The  active  crystalline  material  is 
thus  capable of rapidly reproducing the basic  sequences of the in- 
flammatory  reaction,  namely  an  initial  increased  capillary  per- 
meability  io'.]owed  by  polymorphonuclear  leukocytic  infiltration. 
For the  sake of convenience it  is  believed that  the  available  data 
warrant a name for this active substance which per  se appears to be- 
have  as a  definite biological unit.  Leukotaxine has therefore been 
tentatively  proposed  for  this  active  crystalline material  recovered 
from exudates (2). 
The precise mechanism of cell migration into an area of injury is 
still  problematic.  The  lowering  in  surface  tension  hypothesis  (8) 
or the recent explanation advanced by Abramson (10)  referring cel- 
lular migration to  differences in electrical potential between injured 
tissue and the charge on leukocytes, both constitute interesting views. 
Unfortunately at the present stage these hypotheses appear, on rigid 
scrutiny, to be largely the outcome of reasoning by analogy and are, 
therefore, primarily speculative in nature.  It is conceivable that the 
isolation of an active substance from injured tissue, with chemotactic 
properties,  may provide  a  new and  more  concrete weapon  for the 
4 Other polypeptides (e.g. contained in glutathione) or amino acids (e.g. glycine 
and tryptophane)  are incapable of inducing both the rapidly increased capillary 
permeability and migration of ceils as elicited in dilute concentration by the active 
substance.  These comparative studies with polypeptides or amino acids repre- 
sent merely preliminary observations, which  will be reported in extenso in a future 
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solution of this basic problem.  Further studies are now in progress 
in an effort to determine the exact nature of the mechanism involved. 
The available evidence suggests that the presence of an irritant in 
normal tissue interferes with local protein metabolism (1).  The re- 
sult  is  the  accumulation  of  incompletely hydrolyzed  products  of 
protein catabolism.  One of these split or intermediary compounds 
is  possibly  leukotaxine.  This  active  substance  appears  to  initiate 
the primary sequences of inflammation, i.e.  the increase in capillary 
permeability followed by the adherence and migration of polymorpho- 
nuclear leukocytes through the endothelial wall.  It is  conceivable 
that tissue injury is primarily referable to  a  common denominator, 
namely  the  release  in  situ  of  leukotaxine.  The  degree  of  injury 
may thus be a function of its concentration. 
Is there any other regulating factor present in  an inflamed area 
which determines the extent of cellular migration?  As indicated in 
previous studies, there develops in  an  area  of inflammation an in- 
creased glycolysis (11).  With  the  depletion in the alkali  reserve a 
true local acidosis ensues which is referable to the enhanced forma- 
tion  of lactic  acid.  When the  pH  of the  exudate  falls  to  a  level 
ranging between 7.0 and 6.8,  the cytological picture is characterized 
by  a  predominance of mononuclear phagocytes.  At higher pH,  as 
found in  the  initial  stage  of the  inflammatory reaction,  the  poly- 
molphonuclear  cells constitute almost the only cytological element (12). 
Intensive migration of cells through the  capillary wall occurs as  a 
nile  in  the  earlier  phase  of  an  inflammatory reaction.  It  is  con- 
ceivable that  the  relative  absence or reduction in cell migration in 
the later stages of inflammation, may in part be referable to the local 
accumulation of lactic acid which is in itself negatively chemotactic 
(5).  The presence of this acid would counteract the initial chemo- 
tactic influence of leukotaxine. 
SITMMARY  AND  CONCLUSIONS 
A  crystalline nitrogenous substance recovered from inflammatory 
exudates induces in cutaneous tissue a rapid migration of polymorpho- 
nuclear cells through the endothelial wall of small vessels.  For the 
sake  of  convenience the  tentative  name  of  leukotaxine  has  been 
proposed for this active substance which per se is capable of rapidly 
reproducing the basic sequences of the inflammatory reaction, namely, 152  STUDIES  ON  IN]~LAMMATION.  XV 
the initial increased capillary permeability followed by the outward 
migration  of  polymorphonuclear  leukocytes.  Comparison  of  the 
effect of various inflammatory irritants (e.g.  turpentine or aleuronat) 
with that  of leukotaxine indicates that the migration of cells does 
not seem to be primarily referable to the initial increase in vascular 
permeation.  Furthermore  leukotaxine  is  definitely  chemotactic. 
It induces an active migration of leukocytes into capillary glass tubes 
containing this  substance. 
The relation of leukotaxine to the mechanism of cellular migration 
at the site of inflammation is pointed out. 
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EXPLANATION OF PLATES 
PLATE 4 
FxG. 1.  Capillary vessel in a cutaneous area of the dermis of a rabbit  (16-73)  1 
hour and  17 minutes after the local injection of physiological saline.  Note the 
absence of leukocytic migration.  ×600 approximately. 
FIG. 2.  Dilated capillary vessel in a  cutaneous  area of the same rabbit as in 
Fig.  1,  1 hour and  19 minutes  after the local injection of leukotaxine in saline. 
This material, recovered from an exudate, had been partially purified by pyridine 
and acetone treatment.  The extensive aggregation and migration of polymorpho- 
nuclear leukocytes into the perivascular tissue is noteworthy.  The endothelial 
cells are markedly swollen.  XS00 approximately. 
FIo. 3.  Adherence to the endothelial wall and pronounced migration of poly- 
morphonuclear leukocytes.  A  dilated  cutaneous  vessel about  30 to 40 minutes 
after the intradermal injection of an aqueous solution of partially purified leuko- 
taxine recovered from an exudate  (rabbit  16-48).  X420 approximately. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 4 
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FIG.  4.  Cutaneous  vessels 41  minutes  after  the  intradermal  inoculation  of 
relatively  pure  leukotaxine  (butyl  alcohol  purification).  The  migration  and 
perivascular  infiltration  of  polymorphonuclear  leukocytes  are  striking  (rabbit 
17-03).  X  680 approximately. 
FIG. 5.  Effect of a  strong non-specific irritant on cellular migration.  Turpen- 
tine was injected into the skin of a  rabbit (16-66).  Intravenously injected trypan 
blue  accumulated  almost  immediately into  such  a  treated  cutaneous  area.  38 
minutes later the area was fixed and  sectioned. Note  that  the  small vessels are 
moderately dilated, extremely congested, and  that  some of the endothelial cells 
are a  trifle swollen.  There is, however, in the time interval of the experiment, no 
evidence of any aggregation or migration of polymorphonuclear leukocytes. This 
is  in  striking  contrast  to  the  effect  induced by leukotaxine in similar intervals 
(Figs. 3 and 4).  ×  680 approximately. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 5 
(Menkin: Studies on inflammation. XV) 